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AMENDMENTS TO THE SPECIFICATION 

Please amend Paragraph 10007] as follows: 

[0007] Allhough a helical scan CT can cover the required scanning distance (20-30 
cm) during a normal breath bjcath hold, and thus completely scan the tumor during this 
breath* brcn.h hold, the radiation therapy is a relatively long process and takes aroimd 1 5 
minute,. Thereto, o, it is not possible for a patient to hold his bfeathe breaiH during the 
therapy procedure. When a person breathes, the internal organs move by as much as several 
cen.imeters, causing the tumors to move in and out of the radiation treatment field. As a 
resull the respiratory motion of the patient causes the tumor to be blurred, lack clanty, 
distorted, and to appear larger or smaller than its actual size. Moreover, the radiation dose to 
ihe patient from the radiation therapy tends to irradiate, and thus damage, the normal t.ssuc 

stnrounding (ho mmor, 

Please amend Paragraph [0028] as follows: 

[00281 Referring to Piguro 1 and Figure 2 a representative CT imaging system 1 is 
shown and includes, but is not limited to, a gantry 2 having an x-ray source 4, a radiaLion 
detector array 0, a patient support structure 8 and a patient cavily 10, wherein x-ray source 4 
an d radiation detector array 6 are opposing disposed so as to be separated by patient cavrty 
0 A patient 12 may be disposed upon patient support structure 8. which is then d.sposcd 
vithln patient cavity 1 0. X-ray source 4 projects a x-^am-H radiation beam 14 toward 
radiation detector array 6 so as to pass through patient 1 2. Radiation beam 1 4 may be 
collimatcd by a collimatc (not shown) so as to lie within an X-Y-Z volume of a Cartc S ,an 
coordinate system related to as an "imaging volume". After passing through and becom.ng 
attenuated by patient 12, attenuated x-ray beam 16 is received by radiation debtor array 6. 
Radiation detector array 6 includes, but is not limited to a plurality of detector elements 1 8 
wherein each of the detector elements 1 8 receives attenuated x-ray beam 1 6 and produces an 
electrical signal response to the intensity or attenuated x-ray beam 1 6. 
Please amend Paragraph [0030] as follows: 

[0030] Control mechanism 20 controls the rotation and operation of x-ray source 4 
and/or radiation detector array 6. Control mechanism 20 includes, hut is not limited to, an x- 
ray controller 22 communicated with x-ray source 4, a gantry motor controller 24, and a data 
acquisition system (DAS) 26 communicated with radiation detector array 6, wherein x-ray 
c ontroller 22 provides power and timing signals to x-ray source 4, gantry motor controller 24 
controls the rotational speed and angular position of x-ray source 4 and radiation detector 
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way 6 and DAS 26 receives the electrical signal data produced by deteetor elements 1 8 and 
cordis this data into distal signals for subsequent processing. CT imaging system 1 may 
also include an image reconstruction device 28, a data storage device 30 and a processing 
device 32, wherein processing device 32 is communicated with image reconstructs dev.ee 
28 gantry motor controller 24, x-ray controller 22, data storage device 30, an input devrcc 34 
und an output deviee 36. Moreover, CT imaging system 1 may also Mud* ndufe ■ 
controller 38 communicated with processing deviee 32 and patient support structure 8. so as 
to control the position of patient support structure 8 relative to patient cavity 10. 
Please amend Paragraph [0034J as follows: 

[0034] To obtain images/apply radiation therapy (e.g., images of tumors), patients arc 
asked to bread, normally or eet.cl.ed coached, to breath in a regular pattern. Patients are 
scanned employing standard axial scanning protocol. Other scanning protocols are possible, 
an axial scan is discussed here for illustrative purposes. Sean duration is selected as the 
period of maximum respiratory eyele of the patient 40 plus rotation time of the scanner 
gantry 2. Once the scanning is complete, the table 8 and thereby the patient 1 2 is translated 
by a distance equal to the number of detectors 18 times the width of each detector 18. Tor 
example, for a scanner with 8 detectors and of width 2.5mm, the table 8 is translated by 20 
uim The axial scan is resumed in the new position and the imaging/translation process ,s 
repented until the entire region of interest e.g., organ is covered. Separate equipment may be 
employed to monitor and record patient breathing/respiratory cycle 40 and state ofthe X-ray 
signal i.e. the on and off states. 

Please amend Paragraph [0035] as follows: 

[0035] Referring to Figure 3, a flow chart depicting an exemplary method 100 is 
provided for synchronizing images of a patient 12, obtained via an imaging system l.using 
respiratory gating in accordance with a find embodiment is shown and discussed. As stated 
earlier, for retrospective respiratory gating, the scanned images are synchronized w.th 
selected phases of a particular physiological characteristic, namely, in this embodiment, a 
respiratory cycle 40 to compensate for respiratory motion. It will be appreciated that wmlc 
the physiological characteristic disclosed herein is a respiratory cycle, without a loss of 
generality, numerous variations are possible. Respiratory cycle as used herein is for 
illustrative piuposcs. Foe effective synchronization, i, is necessary to define a reference point 
50 in every respiratory cycle 40 and quantify each phase with respect to the reference pomt 
50 While current methodologies include some breathing phase estimation and 
syncluonization, these methodologies arc inaccurate for the first few seconds of data 
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acquisition. OlrtMM is ■ "^odology for assigning phases in the 

juratory cycle 40 for retrospective respiratory gating that overcomes this limitation and 
addresses some of the issues presented by internal organ movement as it relates to a patient's 
respiration for imaging and treatment. 

Please amend Paragraph [0038] as follows: 
[0038] In an alternative embodiment, another methodology for retrospective respiratory 
plhi* is disclosed. Uttering to Figures 1 and 6, a generalized block diagram depietmg a 
-amplified portion an imaging system such as imaging system 1 for respiratory gating. In 1h.s 
embodiment,, he CT imaging system I may he supplemented with a system, Refcmngnow 
to Figure 7 in addition to Figures 1 and 6 to facilitate execution of the respiratory galmg, a 
respiratory eyele 40 is divided into N substantially equal parts. Hach part corresponds to a 
speeilie respiratory phase of the respiratory eyele 40. .mages are generated/acquired at tune 
interval t - T/N (where T is the period (time duration) of the respiratory cycle 40). This 
process is substantially similar to that described in the abovementioned embodiment and 
therefore only distinctions are addressed here for clarity. The patient's respiratory waveform 
60 e g., a signal indicative of the patient's respiratory cycles, the state of the X-ray signal 62 
and images are post processed utilizing an image post processing work station 29, or the hkc, 
and sorted based upon . selected/assigned phase and spatial position. More spec! Really, for 
each detector 18 position, a temporal bin (e.g., storage locations)) comprising N slots » 
B enerated and every image is assigned a slot based upon its phase and spatial position for that 
detector position. The phase of each image is determined with respect to the rcsp.ratory 
waveform 60. Zero phase may be defined either as the maximum point or the minimum pomt 
of the respiratory waveform 60. It will be appreciated that while a maximum or minimum is 
selected for ease of illustration, a zero phase point may be defined for any point along the 
respiratory waveform 60. Similar to the above embodiment, a minimum is selected for 
illustration purposes. The state ofthe X-ray signal is used to synchronize the respiratory 
waveform 60 with captured image,. Respiratory waveforms 60 or portions thereof recorded 
durino X-ray ofTstates (non-radialing) are not used for determining the phase of images. The 
phases of respiratory waveform need to be determined (zero phase, etc). However, only the 
P ha*es corresponding to the images will be used. In this manner, phuse jgam associated 
with non-imaged data arc avoided. 

Please amend Paragraph [0042] as follows: 

[004^] In yet another exemplary embodiment, an enhancement to the imaging of a 
patient may he achieved with a cine acquisition mode (detector parked at the same locat.on 
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for data acquisition) will! or without gating of the respiratory information- In this 
embodiment, each acquisition covers a complete respiratory cycle 40 plos a reconstructs 
window. The reconstruction window is equivalent to the time duration for 2/3 of a complete 
putty 2 rotation time or one complete gantry 2 rotation time, depending on the 
reconstruction of either half or full scan constructions respectively. It will be approved 
that existing CT Imaging is often pertained utilizing either a 180 degree plus fan angle of 
detector or 360 degree scan corresponding to halfplus fan and full gentry rotations. A senes 
of acquisitions is made to cover the ama of interest. The additional reconstruction window 
« that all the phases of a complete breathing/respiratory cycle 40 will be represented in 
,hc series ofunages reconstructed with spacing of At « 2/3 (or I) complete gantry rotation 
cycle For example, without loss of generality, it will be appreciated that existing CT systems 
exhibit a pantry rotation time of about 0.5 see. In this instance, for example, the rcqu.red 
acquisition lime will therefore be the duration of one respiratory cycle 40 plus 0.33 or 0.5 sec. 
for half or full scan rcconstruciions, respectively. Itrcspiratory information e.g., a resp.ralory 
waveform 60 (FIG. 7) was collected and synchronized with the reconstructed images, »t w.ll 
be appreciated that it is now conceivable to register the images of the same phase across 
multiple cine acquisition locations to generate nil phases of two-dimensional (2D) .mages 
ac.oss multiple locations. Moreover, and significantly, it will be appreciated that four- 
dimensional (41)) images (i.e., three-dimensional (3D) data plus time) may be generated. 
Uniquely, if no respiratory information is collected to supplement the image reconstructs, 
post-processing .nay be employed to register the images of the same phases across the .mages 
taken at different respiratory cycles 40. The post processing would involve measurements m 
an ROl (region of interest) at locations sensitive to the breathing motion, such as, for 
example, the liver and lung interface or the outer surface of the abdomen, to estimate the 
phases Of the respiratory .notion cycle, and utilizing the measurement information to rcg.ster 
thc ima.es of the same phases across the images taken at different respiratory cycles 40. Vox 
example, The phase information my ma* be derived by placing a region of interest on an 
organ related to respiratory motion, e.g., rib cage, or liver, to obtain the images. The sum of 
Ihc im.nges in the region of interest would indicate the phases of breathing. 
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